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Fig. 1 The diagram of the time-varying controlled SEIR compartmental model with delay
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Table 1  The default system parameters

parameter parameter description value
a disease induced death rate 0.2
b natural birth rate 0.525
c incidence coefficient 0.001
d natural death rate 0.5
e exposure rate to infection 0.5
f successfully immune rate 1
g infection to recovery rate 0.1
T latent delay 1/12
A weight on the infectious population 0.002
L number of years 15
S, initial susceptible population 1 000
E, initial exposed population 100
I initial infectious population 50
R, initial recovered population 15
N, initial total population 1165
U oy maximum vaccination rate 1
max maximum susceptible population 1 100
0 maximum vaccination supply at each moment 1 000
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F 2 ARFH) bR bR AR A R AR
Table 2 Performance indices and final state values in 5 cases
case No. S(t) E(t;) I(t;) R(tp) N(1;) V() performance index
1,3,4 1554 22.50 14.69 3.15 1594 0 25.29
uncontrolled
2,5 1554 22.57 14.18 3.12 1594 0 25.13
1 1 100 3.34 2.56 528.40 1 634 3 647 15.59
2 1 100 3.34 2.52 528.43 1 634 3 646 15.62
controlled 3 1 100 3.48 2.66 527.63 1 634 4128 15.88
4 1 100 3.81 2.91 520.08 1627 3391 17.41
5 1 100 4.01 3.02 519.14 1 626 3 862 17.74
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Optimal Vaccination Strategies for a Time-Varying
SEIR Epidemic Model With Latent Delay

WANG Xinwei, PENG Haijun, ZHONG Wanxie
(State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian, Liaoning 116023, P.R.China)
( Contributed by ZHONG Wanxie, M. AMM Editorial Board )

Abstract: On the basis of the classic SEIR compartmental model, a time-delayed term was in-
troduced to characterize the latent delay. Furthermore, a time-varying controlled SEIR model
with delay was established in view of the vaccination, the successfully immune rate and the
seasonally varying incidence coefficient. Meanwhile, the optimal vaccination strategy was deter-
mined under the frame of the optimal control problem with the vaccination rate taken as the
control variable. In the formulated optimal control problem, 3 kinds of constraints (i.e., the
constraints on control, the upper limit on the susceptible population and the time-varying upper
limit on the vaccination supply) were considered. The optimal control problem was numerically
solved with a multi-interval symplectic pseudospectral method. Numerical results demonstrate
that the obtained vaccination strategy can effectively suppress the spread of the disease, and
the comparison between different cases suggests that omitting time-varying factors may result in

unreasonable vaccination strategies.

Key words: SEIR model; time delay; optimal control; vaccination strategy; symplectic

pseudospectral method
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